Background: Although left atrial appendage (LAA) anatomy and topographic relations are well
| INTRODUCTION
In non-valvular atrial fibrillation (AF), the left atrial appendage (LAA) has been described as the main site of thrombus formation. 1, 2 This provides the rationale for direct targeting of this site by interventional LAA closure (LAAC) to reduce the risk of ischemic stroke. Especially, as the effectiveness of this procedure has been demonstrated by follow-up of the PROTECT-AF study compared to conventional anticoagulation therapy, 3 LAAC is becoming an established treatment alternative for stroke prevention in AF patients.
LAA anatomy and topographic relations to neighboring structures (NBS) are well described, thanks to post-mortem dissection and increasing availability of high-resolution cross-sectional imaging. In contrast, understanding of the effects of device implantation on those NBS is more hypothetical than evidence-based. Because of high variability in LAA morphology and anatomical correlations to NBS, prevention of device-derived complications confronts clinicians with problems that differ in each case. Described as possible structures especially at risk because of their proximity to the LAA have been the mitral valve annulus (MVA), left pulmonary artery (LPA), left upper pulmonary vein (LUPV) and circumflex artery (Cx). [4] [5] [6] [7] Furthermore, case reports of occlusion of Cx, 8 perforation of LPA 9, 10 and pulmonary vein compression 11 have been published. We therefore see a need for further assessment of the relations of implanted LAAC devices to NBS.
Assessment of NBS can be performed through transesophageal echocardiogram (TEE). 12 However, cardiac computed tomography angiography (cCTA) may reveal the potential as an even more accurate imaging modality, 7, 13 as it offers higher resolution images for measuring distance to and impairment of LAA NBS. Recently, a standardized cCTA imaging protocol has been proposed by our working group, 13, 14 which could prove useful in the post-implantation evaluation of implanted LAAC devices. Higher resolution and non-invasiveness of cCTA evaluation of LAAC compared with TEE, paired with higher reliability and objectivity of a standardized protocol are arguments in favor of cCTA. 13, 14 Therefore, the present study evaluates the distances of NBS to the implanted device using the standardized cCTA protocol-LAA occluder view for post-implantation evaluation (LOVE) -6 months after successful LAAC. Distances to NBS are assessed in relation to types of occlusion devices as well as the LAA morphologies. catheter. Injection rate was 5 mL/second followed by a 50 mL saline flush. The systematic approach to evaluate implanted LAAC devices that has been recently described by the so called LOVE views, revealing optimal device-related angulation allowing optimal evaluation of the device post implantation 13 was applied.
| MATERIALS AND METHODS

| Study population
| Definitions
For measurement of the distances of the implanted occlusion device to NBS, the recently described LOVE axial and sagittal views 13 were applied in all patients. Relevant NBS were defined: the MVA, the LPA, the LUPV and the Cx. LAA morphology was assessed for each patient and classified into one of four types suggested by Wang et al, 16 namely windsock, chicken wing, cauliflower, and cactus.
| Study endpoints
At cCTA visits, distances to neighboring structures were analyzed for each morphological type of LAA individually, as well as for both types of implanted LAAC devices (WATCHMAN and AMPLATZER AMULET).
All patients were followed-up regarding anticoagulant therapies and adverse clinical events for 12 months. This especially included arterial or venous thromboembolism, stroke or transient ischemic attack (TIA). 3 | RESULTS 
| Statistical analysis and data availability
| Baseline characteristics
| Procedural characteristics
Median duration of LAAC device implantation was 90. 
| Distance to NBS
Distances to LPA, LUPV, and Cx were best visualized and measured in LOVE axial view, while the distance to MVA was demonstrated best in LOVE sagittal view (Figures 1 and 2 
| LAA morphology and NBS
The prevalence of different LAA morphologies was 38% windsock, 33% chicken wing, 23% cauliflower, and 6% cactus type. Distances to MVA and LPA showed no relevant difference among the morphological types.
In cauliflower type, devices were closest to the LUPV (1.7 mm) compared to windsock (2.6 mm), cactus (3.8 mm) and chicken wing (4.3 mm)
types. A P value of 0.048 indicates statistical significance of those 
| Devices and NBS
Twenty-nine WATCHMAN devices and 19 AMPLATZER AMULET devices (60% vs 40%) were implanted. AMPLATZER AMULET devices showed closer proximity to the MVA (6.6 mm vs 10.0 mm, P = 0.001).
AMPLATZER AMULET devices were also closer to LPA (3.9 mm vs 5.4 mm) and LUPV (2.5 mm vs 3.4 mm), although both differences
were not statistically significant. In contrast, median distance of WATCHMAN devices to Cx was slightly smaller than in AMPLATZER AMULET devices (2.7 vs 3.1 mm, P = 0.323) [ Table 3 ].
| Adverse events
In the present study cohort, only one patient had a vascular adverse 
| DISCUSSION
The present observational study describes for the first time the distances of LAAC devices 6 months after implantation in relation to different LAA morphologies and device types, assessed by the standardized LOVE algorithm based on cCTA imaging in 48 consecutive patients. It was demonstrated that LUPV and Cx are generally closest to LAAC devices and could thus be more prone to impairment. In correlation to device type, it was shown that AMPLATZER AMULET devices are closer to the MVA than WATCHMAN devices. This is accordant to existing literature, where MVA impairment was described as a possible complication only of AMPLATZER AMULET implantation. 17 However, no serious adverse events that could be linked to impairment of NBS of the LAA were documented. All patients were treated by dual antiplatelet therapy for at least 6 months.
In the present study, varying distances of devices to NBS for the different LAA morphologies could be shown. However, the only statistically significant difference could be found in the LUPV, to which the closest median proximity of devices was shown in cauliflower type ( Other uses of cCTA have been proposed in the planning of LAAC and assessment of early and mid-term outcomes of device implantation, 6 three-dimensional geometric CT analysis of the LAA could prove to be effective for prediction of PDL. 20 Aspects in favor of the LOVE cCTA protocol are non-invasiveness and higher resolution measurements of CT compared to TEE evaluation of LAAC, paired with higher objectivity and reliability of a standardized protocol.
| Limitations of this study
This is a prospective observational study of 48 consecutive patients with successful LAAC undergoing standardized cCTA imaging protocol at mid-term follow-up. Because of the small sample size, all results of this study can only be of hypothesis generating character. Further investigations with larger sample sizes are needed to draw any definitive conclusions. 
| CONCLUSION
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